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HIGH FREQUENCY SEMICONDUCTOR
SWITCH CIRCUIT AND HIGH FREQUENCY
RADIO SYSTEM INCLUDING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation of International Application No.
PCT/IP2013/001406 filed on Mar. 6, 2013, which claims
priority to Japanese Patent Application No. 2012-176986
filed on Aug. 9, 2012. The entire disclosures of these appli-
cations are incorporated by reference herein.

BACKGROUND

The present disclosure relates to high-frequency semicon-
ductor switch circuits for use in radio communication appa-
ratuses having a small size, light weight, and low power
consumption, such as a mobile telephone, etc., and high-
frequency radio systems including such a high-frequency
semiconductor switch circuit.

Mobile communication apparatuses, typified by a mobile
telephone, require a high-frequency semiconductor switch
circuit having a small size and low power consumption in
order to switch high-frequency signal transmission paths,
e.g., switch the antenna between transmission and reception.
For example, such a high-frequency semiconductor switch
circuit may include a gallium arsenide field effect transistor
(GaAsFET), which has good high-frequency characteristics
and low power consumption, as a switching element.

In recent years, highly-insulating semiconductor sub-
strates, typified by a silicon-on-sapphire (SOS) substrate and
a silicon-on-insulator (SOI) substrate, have been much
improved. A technology of using a metal oxide semiconduc-
tor field effect transistor (MOSFET), which is less suitable for
a high-frequency semiconductor switch circuit, as a switch-
ing element for switching paths, has also been developed.

Specifically, known is a high-frequency semiconductor
switch circuit in which a path switching FET is provided
between a common input/output terminal and each of a plu-
rality of separate input/output terminals. However, the use of
only single path switching FETs in a high-frequency semi-
conductor switch circuit causes a problem that it is difficult to
improve isolation characteristics without an increase in inser-
tion loss.

Therefore, in Japanese Unexamined Patent Publication
Nos. H06-85641 and 2008-109591, a path switching FET is
used in combination with a shunt FET. However, there is a
problem that the path switching FET and the shunt FET
cannot be separately controlled, and therefore, the isolation of
a FET in the off state is poor.

In contrast to this, in Japanese Unexamined Patent Publi-
cation No. 2012-114729, a path switching FET and a shunt
FET are separated from each other by a capacitor, and there-
fore, can be controlled using separate voltages.

However, in Japanese Unexamined Patent Publication No.
2012-114729 above, the gate, source, and drain of each of the
path switching FET and the shunt FET are controlled using a
high voltage (e.g., 2.5 V) or a low voltage (0 V). Therefore,
when a large amplitude signal (e.g., 2 Vpp) is input to the
common input/output terminal, the voltage of a FET in the off
state ranges from 1.5V to 3.5V, where the center is 2.5V, and
therefore, the breakdown voltage (e.g., a maximum rated
voltage 0f 2.7 V) is exceeded. Therefore, it is necessary to put
a limit on the amplitude of an RF signal input to the common
input/output terminal or use a FET having a higher break-
down voltage instead. However, there are the following prob-
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lems: the limitation of the amplitude of the input RF signal
leads to a failure to satisfy the desired characteristics; and the
use of a FET having a higher breakdown voltage leads to an
increase in insertion loss and an increase in chip size.

SUMMARY

The present disclosure describes implementations of a
high-frequency semiconductor switch circuit which solves
the above problems, i.e., the increase in chip size and the
degradation in insertion loss in an on-state path, and is not
limited by the breakdown voltage of a FET.

The present disclosure also describes implementations of a
high-frequency semiconductor switch circuit which ensures
isolation in multiband applications to provide high perfor-
mance.

An example high-frequency semiconductor switch circuit
according to the present disclosure includes one common
input/output terminal, two or more separate input/output ter-
minals, and two or more control terminals corresponding to
the separate input/output terminals, two or more path switch-
ing FET blocks, one block being provided between the com-
mon input/output terminal and each of the two or more sepa-
rate input/output terminals, one or more shunt FET blocks,
one block being provided between the ground and each of at
least one of the two or more separate input/output terminals,
a direct-current blocking capacitor provided at both ends of
each of the two or more path switching FET blocks, a direct-
current blocking capacitor provided at both ends of each of
the one or more shunt FET blocks, and a source bias resistor
provided for each of the two or more path switching FET
blocks and for each of the one or more shunt FET blocks. A
control voltage input to each of the two or more control
terminals is applied to the gate of a corresponding one of the
two or more path switching FET blocks so that at least one of
high-frequency signal paths between the common input/out-
put terminal and the respective separate input/output termi-
nals is caused to be in the conducting state while the other
high-frequency signal paths are caused to be in the non-
conducting state. A control voltage which is an inverted ver-
sion of a voltage input to each of the two or more control
terminals is applied to the gate of a corresponding one of the
one or more shunt FET blocks. A control voltage which has an
inverted polarity and a smaller absolute value compared to a
voltage input to each of the two or more control terminals, is
applied to the source or drain of a corresponding one of the
two or more path switching FET blocks. A control voltage
which has a non-inverted polarity and a smaller absolute
value compared to a voltage input to each of the two or more
control terminals, is applied to the source or drain of a corre-
sponding one of the one or more shunt FET blocks.

According to the present disclosure, a high-performance
high-frequency semiconductor switch circuit can be provided
which has a small size and low power consumption, and has
a high breakdown voltage while maintaining good character-
istics, such as low insertion loss and high isolation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing an example configu-
ration of a high-frequency semiconductor switch circuit
according to a first embodiment of the present disclosure.

FIG. 2 is a circuit diagram showing an example configu-
ration of a power supply circuit of FIG. 1.

FIG. 3 is a diagram showing a control logic table for the
high-frequency semiconductor switch circuit of FIG. 1.



US 9,312,853 B2

3

FIG. 4 is a circuit diagram showing a first variation of the
high-frequency semiconductor switch circuit of FIG. 1.

FIG. 5 is a circuit diagram showing a second variation of
the high-frequency semiconductor switch circuit of FIG. 1.

FIG. 6 is a circuit diagram showing an example configu-
ration of a high-frequency semiconductor switch circuit
according to a second embodiment of the present disclosure.

FIG. 7 is a schematic diagram showing an example con-
figuration of a high-frequency radio system according to a
third embodiment of the present disclosure which includes a
high-frequency semiconductor switch circuit according to the
present disclosure.

DETAILED DESCRIPTION

Preferred embodiments of the present disclosure will now
be described with reference to the accompanying drawings.
Note that like parts are designated by like reference characters
throughout the drawings, and may not be redundantly
described.

First Embodiment

FIG. 1 is a circuit diagram showing an example configu-
ration of a high-frequency semiconductor switch circuit
according to a first embodiment of the present disclosure. The
high-frequency semiconductor switch circuit of FIG. 1
includes a common input/output terminal 101, and two sepa-
rate input/output terminals 102 and 103. A series circuit
including a direct-current blocking capacitor 131, a path
switching FET 121, and a direct-current blocking capacitor
132 is connected between the common input/output terminal
101 and one (102) of the separate input/output terminals. A
series circuit including a direct-current blocking capacitor
135, a path switching FET 122, and a direct-current blocking
capacitor 136 is connected between the common input/output
terminal 101 and the other separate input/output terminal
(103). By turning on or off each of the path switching FETs
121 and 122, signal paths between the common input/output
terminal 101 and the separate input/output terminals 102 and
103, can be switched.

The path switching FETs 121 and 122 are eacha MOSFET.
A voltage which is needed to turn on or off the path switching
FET 121 is applied to the gate of the path switching FET 121
through a gate bias resistor 141. A voltage which is needed to
turn on or off the path switching FET 122 is applied to the gate
of the path switching FET 122 through a gate bias resistor
142.

A series circuit including a direct-current blocking capaci-
tor 133, a shunt FET 123, and a direct-current blocking
capacitor 134 is connected between the separate input/output
terminal 102 and the ground. A series circuit including a
direct-current blocking capacitor 137, a shunt FET 124, and a
direct-current blocking capacitor 138 is connected between
the separate input/output terminal 103 and the ground.

The shunt FETs 123 and 124 are each a MOSFET. A
voltage which is needed to turn on or off the shunt FET 123 is
applied to the gate of the shunt FET 123 through a gate bias
resistor 143. A voltage which is needed to turn on or off the
shunt FET 124 is applied to the gate of the shunt FET 124
through a gate bias resistor 144. The shunt FETs 123 and 124
are turned on or off with voltage polarities opposite to those
for the path switching FETs 121 and 122, respectively,
whereby high isolation characteristics can be achieved.

Avoltageis applied to the source of the path switching FET
121 through a source bias resistor 149. A voltage is applied to
the source of the path switching FET 122 through a source
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bias resistor 150. The source voltages applied to the path
switching FET 121 and the path switching FET 122 have
opposite polarities. A voltage is applied to the source of the
shunt FET 123 through a source bias resistor 151. A voltage
is applied to the source of the shunt FET 124 through a source
bias resistor 152. The source voltages applied to the shunt
FET 123 and the shunt FET 124 have opposite polarities. As
described above, the gate and source voltages of the FETs
121, 122, 123, and 124 can be separately controlled.

Source-drain short-circuit resistors 145, 146, 147, and 148
are connected between the sources and drains of the FETs
121, 122, 123, and 124, respectively, so that the sources and
drains of the FETs 121, 122, 123, and 124 have the same
potential. Note that at least one of the source-drain short-
circuit resistors 145, 146, 147, and 148 may be removed.

Inthehigh-frequency semiconductor switch circuit of FIG.
1, apower supply circuit 300, control terminals 301 and 302,
and inverter circuits 311-318 are used to supply gate and
source voltages to the FETs 121, 122, 123, and 124.

Specifically, a voltage which is needed to turn on or off the
path switching FET 121 is applied from the control terminal
301 to the gate of the path switching FET 121 through a
cascade of the two inverter circuits 311 and 312 and the gate
bias resistor 141. A voltage which is needed to turn on or off
the path switching FET 122 is applied from the control ter-
minal 302 to the gate of the path switching FET 122 through
a cascade of two inverter circuits 315 and 316 and the gate
bias resistor 142. A voltage which is needed to turn on or off
the shunt FET 123 is applied from the control terminal 301 to
the gate of the shunt FET 123 through the single inverter
circuit 311 and the gate bias resistor 143. A voltage which is
needed to turn on or off the shunt FET 124 is applied from the
control terminal 302 to the gate of the shunt FET 124 through
the single inverter circuit 315 and the gate bias resistor 144. A
voltage is applied from the control terminal 301 to the source
of the path switching FET 121 through the single inverter
circuit 313 and the source bias resistor 149. A voltage is
applied from the control terminal 302 to the source of the path
switching FET 122 through the single inverter circuit 317 and
the source bias resistor 150. A voltage is applied from the
control terminal 301 to the source of the shunt FET 123
through the cascade of the inverter circuits 313 and 314 and
the source bias resistor 151. A voltage is applied from the
control terminal 302 to the source of the shunt FET 124
through a cascade of the two inverter circuits 317 and 318 and
the source bias resistor 152.

The power supply circuit 300 supplies power to the inverter
circuits 311-318. A first internal power supply voltage
IntVDD1 is supplied to the inverter circuits 311, 312, 315,
and 316 connected to the gates of the respective FETs. A
second internal power supply voltage IntVDD?2 is supplied to
the inverter circuits 313, 314, 317, and 318 connected to the
sources of the respective FETs. Here, IntVDDI is greater than
IntVDD2, e.g., IntVDD1 is 2.5V and IntVDD2 is 1.25 V. For
example, IntVDD1 and IntVDD?2 are generated by the power
supply circuit 300 based on an input voltage Vbat from a
battery.

FIG. 2 is a circuit diagram showing an example configu-
ration of the power supply circuit 300. The power supply
circuit 300 of FIG. 2 includes PMOSFETs 511 and 512,
NMOSFETs 513 and 514, resistors 515-518, and a current
source 519.

A current generated by the current source 519 is supplied to
the PMOSFET 511 whose drain and gate are connected
together. The gates of the PMOSFETs 511 and 512 are con-
nected together, and the sources of the PMOSFETs 511 and
512 are connected to the input voltage Vbat of the power



US 9,312,853 B2

5

supply circuit 300. A series circuit including the resistors 515
and 516 is inserted between the drain of the PMOSFET 512
and the ground. A connection point between the resistor 515
and the PMOSFET 512 is connected to the gate of the NMOS-
FET 513. A connection point between the resistors 515 and
516 is connected to the gate of the NMOSFET 514. The
resistor 517 is inserted between the source of the NMOSFET
513 and the ground. The resistor 518 is inserted between the
source of the NMOSFET 514 and the ground. A connection
point between the NMOSFET 513 and the resistor 517 serves
as one output, and a voltage at the connection point is
IntVDDI1. A connection point between the NMOSFET 514
and the resistor 518 serves as the other output, and a voltage
at the connection point is IntVDD2. By using such a circuit
configuration, two potentials having different levels, i.e.,
IntVDD1 and IntVDD?2, can be easily generated.

FIG. 3 is a diagram showing a control logic table for the
high-frequency semiconductor switch circuit of FIG. 1. FIG.
3 shows four cases. Here, the case in the fourth row from the
bottom will be described. Specifically, it is assumed that a
high-frequency signal path between the common input/out-
putterminal 101 and the separate input/output terminal 102 is
caused to be in the conducting state, and a high-frequency
signal path between the common input/output terminal 101
and the separate input/output terminal 103 is caused to be in
the non-conducting state. In the description that follows, a
middle potential between the high level and the low level is
referred to as a “mid-level.”

Voltage levels shown in the control logic table of FIG. 3 are
supplied to the control terminals. Specifically, the high level
is supplied to the control terminal 301, and the low level is
supplied to the control terminal 302. In this case, the gate
voltage of the path switching FET 121 goes to the high level,
e.g., 2.5V, and the source and drain voltages of the path
switching FET 121 go to the low level, e.g., 0V, and therefore,
the path switching FET 121 is turned on. The gate voltage of
the path switching FET 122 goes to the low level, e.g., 0V, and
the source and drain voltages of the path switching FET 122
go to the mid-level, e.g., 1.25 V, and therefore, the path
switching FET 122 is turned off. The gate voltage of the shunt
FET 123 goes to the low level, e.g., 0V, and the source and
drain voltages of the shunt FET 123 go to the mid-level, e.g.,
1.25V, and therefore, the shunt FET 123 is turned off. The
gate voltage of the shunt FET 124 goes to the high level, e.g.,
2.5V, and the source and drain voltages of the shunt FET 124
goto the low level, e.g., 0V, and therefore, the shunt FET 124
is turned on. As a result, a signal is transmitted from the
common input/output terminal 101 to the separate input/out-
put terminal 102, and a signal is not transmitted from the
common input/output terminal 101 to the separate input/out-
put terminal 103. Thus, an on/off control can be reliably
performed, and therefore, leakage to a signal path in the off
state is reduced, whereby a high-frequency semiconductor
switch circuit having good characteristics, such as high iso-
lation and low distortion, can be provided.

The source and drain voltages of the path switching FET
122 and the shunt FET 123 in the off state are caused to be at
the mid-level, whereby even when a large amplitude signal is
input to the common input/output terminal 101, the break-
down voltages of the path switching FET 122 and the shunt
FET 123 are not exceeded. Specifically, when a high-fre-
quency signal of 2 Vpp (the absolute values of the highest and
lowest amplitudes are both 1 V) is input to the common
input/output terminal 101, the maximum voltages applied to
the sources of the path switching FET 122 and the shunt FET
123 are 1.25V+1V. When the breakdown voltages of the path
switching FET 122 and the shunt FET 123 are, for example,
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2.7V, the breakdown voltages are not exceeded, and there-
fore, the FETs 122 and 123 operate normally.

As described above, in the high-frequency semiconductor
switch circuit of this embodiment, both low insertion loss and
high isolation characteristics can be achieved, and the chip
size can be reduced. By using the power supply circuit 300
and the inverter circuits 311-318, the high-frequency semi-
conductor switch circuit of this embodiment can be easily
implemented on a single chip.

Note that the inverter circuits 311-318 are assumed to be a
typical inverter circuit which includes a PMOSFET and an
NMOSFET in order to reduce the power consumption and
chip size. Alternatively, any other circuits that have similar
functionality can be employed. Although, in FIG. 1, two
inverter circuits are connected together in cascade, the num-
ber, connection pattern, and types of inverter circuits are not
limited if a similar logic can be achieved.

This embodiment is not limited to the high-frequency
semiconductor switch circuit which has the two separate
input/output terminals 102 and 103, and may be changed to
provide a high-frequency semiconductor switch circuit hav-
ing three or more separate input/output terminals.

FIG. 4 is a circuit diagram showing a first variation of the
high-frequency semiconductor switch circuit of FIG. 1. In the
high-frequency semiconductor switch circuit of FIG. 4, the
shunt FET 123 for ensuring isolation is connected to only one
of the high-frequency signal paths in FIG. 1. Specifically,
although, in FIG. 1, the shunt FETs 123 and 124 are con-
nected to the respective high-frequency signal paths, this
embodiment is applicable to a case where, as shown in F1G. 4,
the shunt FET 123 is connected to only a particular high-
frequency signal path.

FIG. 5 is a circuit diagram showing a second variation of
the high-frequency semiconductor switch circuit of FIG. 1.
The high-frequency semiconductor switch circuit of FIG. 5
includes a path switching FET block including four path
switching FETs 8014-801d connected together in series, and
another path switching FET block including four path switch-
ing FETs 802a-802d connected together in series. Reference
characters 811a-8114 indicate a gate bias resistor. Reference
characters 821a-821d indicate a source-drain short-circuit
resistor. Reference characters 812a-8124 indicate a gate bias
resistor. Reference characters 8224-8224 indicate a source-
drain short-circuit resistor. The high-frequency semiconduc-
tor switch circuit of FIG. 5 also includes a shunt FET block
including four shunt FETs 8034-803d connected together in
series, and another shunt FET block including four shunt
FETs 8044-804d connected together in series. Reference
characters 813a-813d indicate a gate bias resistor. Reference
characters 8234-823d indicate a source-drain short-circuit
resistor. Reference characters 814a-8144 indicate a gate bias
resistor. Reference characters 8244-8244 indicate a source-
drain short-circuit resistor. Although FIG. 1 shows the case
where a path switching FET block and a shunt FET block
provided in each high-frequency signal path each include a
single MOSFET, this embodiment is applicable to the case
where two or more MOSFETs are connected together in
series. Thus, by providing a path switching FET block and a
shunt FET block each including a plurality of MOSFETs
connected together in series, the isolation characteristics or
breakdown voltage can be improved.

Second Embodiment

FIG. 6 is a circuit diagram showing an example configu-
ration of a high-frequency semiconductor switch circuit
according to a second embodiment of the present disclosure.
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The high-frequency semiconductor switch circuit of FIG. 6
includes a common input/output terminal 101, separate input/
output terminals 102 and 103, path switching FETs 121 and
122, shunt FETs 123 and 124, gate bias resistors 141-144,
source-drain short-circuit resistors 145-148, source bias
resistors 149-152, direct-current blocking capacitors
131-138, and inverter circuits 311-318. These parts are the
same as those of the high-frequency semiconductor switch
circuit of FIG. 1. Although, in FIG. 1, the power supply
terminals of the inverter circuits 311, 312, 315, and 316 are
connected to IntVDD1, and the power supply terminals of the
inverter circuits 313, 314, 317, and 318 are connected to
IntVDD?2, all the power supply terminals of the inverter cir-
cuits 311-318 are connected to IntVDD1 in FIG. 6. Also, a
voltage division resistor 901 is connected between a connec-
tion point between the source bias resistor 149 and the source
terminal of the path switching FET 121, and the ground. A
voltage division resistor 902 is connected between a connec-
tion point between the source bias resistor 151 and the source
terminal of the shunt FET 123, and the ground. A voltage
division resistor 903 is connected between a connection point
between the source bias resistor 150 and the source terminal
of the path switching FET 122, and the ground. A voltage
division resistor 904 is connected between a connection point
between the source bias resistor 152 and the source terminal
of the shunt FET 124, and the ground.

By dividing the output voltage of the inverter circuit 313
using the source bias resistor 149 and the voltage division
resistor 901, a voltage applied to the source of the path switch-
ing FET 121 can be caused to be lower than IntVDDI. By
dividing the output voltage of the inverter circuit 314 using
the source bias resistor 151 and the voltage division resistor
902, a voltage applied to the source of the shunt FET 123 can
be caused to be lower than IntVDD1. By dividing the output
voltage of the inverter circuit 317 using the source bias resis-
tor 150 and the voltage division resistor 903, a voltage applied
to the source of the path switching FET 122 can be caused to
be lower than IntVDD1. By dividing the output voltage of the
inverter circuit 318 using the source bias resistor 152 and the
voltage division resistor 904, a voltage applied to the source
of the shunt FET 124 can be caused to be lower than
IntVDDI1. Thus, even when a large amplitude signal is input
to the common input/output terminal 101 (e.g., 2 Vpp), a FET
in the off state can be controlled within an optimum operation
range, and the breakdown voltage is not exceeded.

An example operation of the high-frequency semiconduc-
tor switch circuit of FIG. 6 in a case where at least one of the
two paths is caused to be in the conducting state, will be
described. Also, here, it is assumed that the high-frequency
signal path between the common input/output terminal 101
and the separate input/output terminal 102 is caused to be in
the conducting state, and the high-frequency signal path
between the common input/output terminal 101 and the sepa-
rate input/output terminal 103 is caused to be in the non-
conducting state. In other words, the control terminal 301 is at
the high level, and the control terminal 302 is at the low level.
In this case, the gate voltage of the path switching FET 121 is
at the high level, e.g., 2.5V, and the source and drain voltages
of'the path switching FET 121 have a value which is obtained
by dividing the low-level voltage using the source bias resis-
tor 149 and the voltage division resistor 901, e.g., 0V, so that
the path switching FET 121 is in the on state. The gate voltage
of'the path switching FET 122 is at the low level, e.g., 0V, and
the source and drain voltages of the path switching FET 122
have a value which is obtained by dividing the high-level
voltage using the source bias resistor 150 and the voltage
division resistor 903, e.g., 1.25 'V, so that the path switching
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FET 122 is in the off state. The gate voltage of the shunt FET
123 is at the low level, e.g., 0 V, and the source and drain
voltages of the shunt FET 123 have a value which is obtained
by dividing the high-level voltage using the source bias resis-
tor 151 and the voltage division resistor 902, e.g., 1.25V, so
that the shunt FET 123 is in the off state. The gate voltage of
the shunt FET 124 is at the high level, e.g., 2.5 V, and the
source and drain voltages of the shunt FET 124 have a value
which is obtained by dividing the low-level voltage using the
source bias resistor 152 and the voltage division resistor 904,
e.g., 0V, so that the shunt FET 124 is in the on state. As a
result, a signal is transmitted from the common input/output
terminal 101 to the separate input/output terminal 102, and a
signal is not transmitted from the common input/output ter-
minal 101 to the separate input/output terminal 103. Thus, an
on/off control can be reliably performed, and therefore, leak-
age to a signal path in the off state is reduced, whereby a
high-frequency semiconductor switch circuit having good
characteristics, such as high isolation and low distortion, can
be provided.

Also, the source and drain voltages of the path switching
FET 122 and the shunt FET 123 in the off state are caused to
be at the mid-level obtained by voltage division using resis-
tors, whereby even when a large amplitude signal is input to
the common input/output terminal 101, the breakdown volt-
ages of the path switching FET 122 and the shunt FET 123 are
not exceeded. Specifically, when a high-frequency signal of 2
Vpp (the absolute values of the highest and lowest amplitudes
are both 1 V) is input to the common input/output terminal
101, the maximum voltages applied to the sources of the path
switching FET 122 and the shunt FET 123 are 1.25 V+1 V.
When the breakdown voltages of the path switching FET 122
and the shunt FET 123 are, for example, 2.7 V, these break-
down voltages are not exceeded, and therefore, the FETs 122
and 123 operate normally.

As described above, according to the second embodiment,
advantages similar to those of the first embodiment can be
achieved. In addition, also in the second embodiment, varia-
tions substantially similar to those of the first embodiment
can be provided. For example, the configuration of FIG. 6
may be changed to a high-frequency semiconductor switch
circuit having three or more separate input/output terminals.
This embodiment is also applicable to a case where a shunt
FET block is connected only to a particular high-frequency
signal path. This embodiment is also applicable to a case
where the number of FET's connected together in series which
are included in a FET block in each high-frequency signal
path is two or more.

Note that a semiconductor substrate on which the high-
frequency semiconductor switch circuits according to the first
and second embodiments are formed may be an SOI substrate
or an SOS substrate.

Third Embodiment

FIG. 7 is a schematic diagram showing an example con-
figuration of a high-frequency radio system according to a
third embodiment of the present disclosure. The high-fre-
quency radio system of FIG. 7 is a system which switches an
antenna ANT between transmission and reception and deals
with two or more high-frequency powers having different
magnitudes in, for example, a quasi-microwave band mobile
communication apparatus. A transmitter TX includes m
transmitter circuits TX1-TXm, and a receiver RX includes n
receiver circuits RX1-RXn, where m and n are each an inte-
ger. A reference character SW1 indicates a transmitter switch
circuit, and a reference character SW2 indicates a receiver
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switch circuit. For example, in the above first and second
embodiments, the high-frequency semiconductor switch cir-
cuit described with reference to FIGS. 1, 4, 5, and 6 corre-
sponds to a high-frequency semiconductor switch circuit
including the transmitter switch circuit SW1 connected to the
transmitter circuit TX1 and the receiver switch circuit SW2
connected to the receiver circuit RX1 in FIG. 7.

Note that when a MOSFET in the high-frequency signal
path deals with large power, distortion is likely to occur in the
MOSFET in the non-conducting state. Therefore, a plurality
of MOSFETs are connected together in series to form cascade
connection, so that a high-frequency signal having large
power can be actively dealt with.

When the receiver switch circuit SW2 has a plurality of
high-frequency signal paths, each path switching FET block
may be configured to include a series circuit including a
plurality of MOSFETs (see FIG. 5), and a portion of the
MOSFETs may be shared by the path switching FET blocks.
As aresult, a smaller-size antenna switch circuit which has
distortion characteristic similar to those of the conventional
art can be provided.

The high-frequency semiconductor switch circuit of the
present disclosure is useful for high-frequency radio systems
which require a small size, light weight, and low power con-
sumption, such as a mobile telephone, etc.

What is claimed is:

1. A high-frequency semiconductor switch circuit com-

prising:

one common input/output terminal, two or more separate
input/output terminals, and two or more control termi-
nals corresponding to the separate input/output termi-
nals;

two or more path switching FET blocks, one block being
provided between the common input/output terminal
and each of the two or more separate input/output ter-
minals;

one or more shunt FET blocks, one block being provided
between the ground and each of at least one of the two or
more separate input/output terminals;

adirect-current blocking capacitor provided at both ends of
each of the two or more path switching FET blocks;

adirect-current blocking capacitor provided at both ends of
each of the one or more shunt FET blocks; and

a source bias resistor provided for each of the two or more
path switching FET blocks and for each of the one or
more shunt FET blocks,

wherein

a control voltage input to each of the two or more control
terminals is applied to the gate of a corresponding one of
the two or more path switching FET blocks so that at
least one of high-frequency signal paths between the
common input/output terminal and the respective sepa-
rate input/output terminals is caused to be in the con-
ducting state while the other high-frequency signal paths
are caused to be in the non-conducting state,

a control voltage which is an inverted version of a voltage
input to each of the two or more control terminals is
applied to the gate of a corresponding one of the one or
more shunt FET blocks,

a control voltage which has an inverted polarity and a
smaller absolute value compared to a voltage input to
each of the two or more control terminals, is applied to
the source or drain of a corresponding one of the two or
more path switching FET blocks, and

a control voltage which has a non-inverted polarity and a
smaller absolute value compared to a voltage input to
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each of the two or more control terminals, is applied to
the source or drain of a corresponding one of the one or
more shunt FET blocks.

2. The high-frequency semiconductor switch circuit of

claim 1, further comprising:

an inverter circuit configured to have a first internal power
supply voltage as a power supply voltage; and

an inverter circuit configured to have a second internal
power supply voltage having a value smaller than that of
the first internal power supply voltage as a power supply
voltage, wherein

a control voltage input to each of the two or more control
terminals is applied to the gate of a corresponding one of
the two or more path switching FET blocks, through a
cascade of two inverter circuits having the first internal
power supply voltage as a power supply voltage or a
circuit having the same logic as that of the cascade of two
inverter circuits, so that at least one of high-frequency
signal paths between the common input/output terminal
and the respective separate input/output terminals is
caused to be in the conducting state while the other
high-frequency signal paths are caused to be in the non-
conducting state,

a control voltage input to each of the two or more control
terminals is applied to the gate of a corresponding one of
the one or more shunt FET blocks through a single
inverter circuit having the first internal power supply
voltage as a power supply voltage or a circuit having the
same logic as that of the single inverter circuit,

a control voltage input to each of the two or more control
terminals is applied to the source of a corresponding one
of the two or more path switching FET blocks through a
single inverter circuit having the second internal power
supply voltage as a power supply voltage or a circuit
having the same logic as that of the single inverter cir-
cuit, and

a control voltage input to each of the two or more control
terminals is applied to the source of a corresponding one
of the one or more shunt FET blocks through a cascade
of two inverter circuits having the second internal power
supply voltage as a power supply voltage or a circuit
having the same logic as that of the cascade of two
inverter circuits.

3. The high-frequency semiconductor switch circuit of

claim 1, further comprising:

an inverter circuit; and

a voltage division resistor,

wherein

a control voltage input to each of the two or more control
terminals is applied to the gate of a corresponding one of
the two or more path switching FET blocks, through a
cascade of two inverter circuits or a circuit having the
same logic as that of'the cascade of two inverter circuits,
so that at least one of high-frequency signal paths
between the common input/output terminal and the
respective separate input/output terminals is caused to
be in the conducting state while the other high-fre-
quency signal paths are caused to be in the non-conduct-
ing state,

a control voltage input to each of the two or more control
terminals is applied to the gate of a corresponding one of
the one or more shunt FET blocks through a single
inverter circuit or a circuit having the same logic as that
of the single inverter circuit,

a control voltage input to each of the two or more control
terminals is passed through a single inverter circuit or a
circuit having the same logic as that of the single inverter
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circuit, and divided using the voltage division resistor, to
obtain a division control voltage, and the division con-
trol voltage is applied to the source of a corresponding
one of the two or more path switching FET blocks, and
a control voltage input to each of the two or more control
terminals is passed through a cascade of two inverter
circuits or a circuit having the same logic as that of the
cascade of two inverter circuits, and divided using the
voltage division resistor, to obtain a division control
voltage, and the division control voltage is applied to the
source of a corresponding one of the one or more shunt
FET blocks.
4. The high-frequency semiconductor switch circuit of
claim 1, wherein
the semiconductor substrate is an SOI substrate or an SOS
substrate.
5. The high-frequency semiconductor switch circuit of
claim 1, wherein
the two or more path switching FET blocks each include a
plurality of MOSFET connected together in series.
6. The high-frequency semiconductor switch circuit of
claim 1, wherein
the one or more shunt FET blocks each include a plurality
of MOSFET connected together in series.
7. A high-frequency radio system comprising:
the high-frequency semiconductor switch circuit of claim
1.
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